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Gas-phase complexes of halide anions with a variety of crown ethers and acyclic analogs are 
formed by ion-molecule reactions in the chemical ionization source of a triple-quadrupole 
mass spectrometer. The ether complexes of iodide, bromide, and chloride dissociate on 
collisional activation by cleavage of the halide-ether electrostatic hydrogen bonds, resulting 
in the formation of bare halide anions. By contrast, the fluoride complexes dissociate by loss 
of HF, which may occur in conjunction or sequentialIy with losses of ethylene oxide units. 
This dissociation behavior is similar to that observed for collisionally activated dissociation 
of [M - H]- ions of the crown ethers and suggests that the fluoride ion is capable of 
promoting an intramolecular proton abstraction within the [M + F]- complex. This type of 
dissociation chemistry is only observed for the fluoride ion complexes, and the fluoride ion is 
the most basic of all the halides. The kinetic method was used to establish orders of relative 
halide binding strengths, and the trends for the chloride and bromide affinities were 
lZ-crown-4 < triethylene glycol dimethyl ether < 15crown-5 < tetraethylene glycol dimethyl 
ether < l&crown-6 < 21-crown-7 < tetraethylene glycol < pentaethylene glycol < 
1,4,7,10,13-pentathiacyclopentadecane. CJ Am Sot Muss Spectrom 1993, 4, 242-248) 
N 
egative ion chemical ionization involving elec- 
tron or halide attachment processes has proved 
useful for selective, sensitive analysis of com- 
pounds of biological and environmental importance 
[ 11. There have been numerous fundamental studies of 
halide attachment to organic molecules in the gas 
phase [2-91 because halide ions have well-defined sizes 
and thermochemical properties, as shown in Table 1. 
For example, structural effects on the hydrogen bond- 
ing energies of halide complexation to various organics 
have been evaluated by equilibria measurements per- 
formed in a high-pressure mass spectrometer [2-41. 
Chloride binding energies to alcohols, ketones, amines, 
and other simple organic substrates were measured by 
chloride transfer equilibria in an ion cyclotron reso- 
nance mass spectrometer [5,6], and it was found that 
binding energies varied from 14 to 26 kcal/mol, de- 
pending on the nature of the substrate. From these 
studies and from theoretical reports [7], it was con- 
cluded that chloride binds with less covalent character 
than the fluoride ion and that chloride promotes more 
favorable multiple hydrogen bonding interactions be- 
cause of its bulkier size. The fluoride ion binds by 
stronger and therefore shorter hydrogen bonds, which 
causes entropic constraints on multiple bonding. In 
general, the halide binding strength of an organic com- 
pound is directly related to the gas-phase acidity of the 
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organic substrate [5,6], a property that determines the 
capability for hydrogen bond donation. In another re- 
cent study, it was further demonstrated that more 
acidic organics formed stronger halide complexes in 
the gas phase [S]. Of particular relevance to the present 
study, it was also shown that simple monoethers typi- 
cally did not form [M + Br]- or IM + I]- ions [S], 
presumably because of the low acidities of ethers, 
which disfavored the formation of hydrogen bonding 
interactions needed to effectively attach the halide ion. 
Finally, a recent theoretical study of H,O- F- and 
H,O- Cl- complexes reported the halide-hydrogen 
bond energies as 25.4 kcal/mol for the fluoride com- 
plex and 13.2 kcal/mol for the chloride complex [9]. 
Our interest in halide attachment ionization of 
polyethers stems from several sources. First, the un- 
derstanding of halide attachment reactions to complex 
biological molecules, such as antibiotics, may allow the 
design of selective ionization reactions that afford rele- 
vant structural details of large molecules, many of 
which contain multiple basic and acidic functional 
groups. Second, several classes of antibiotics [12], such 
as the alborixins and dianemycins, have polyether 
skeletons, which suggests that their underlying struc- 
tures may be conveniently modeled by polyethers, 
such as polyethylene glycols and crown ethers. In fact, 
various polyethers have been the subject of many 
studies of host-guest chemistry in solution [13-221, 
some of which have been undertaken specifically to 
model selective metal binding of antibiotics. In particu- 
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Table 1. Ionic radii and thermochemical aro~erties of halides 
Halide Radius’ 
ion (A, 
Electron 
affinity* [Xl 
(eV) 
Gas-phase 
acidi@ IHXI 
(kcal /mol) 
F_ 1.33 3.399 371.8 
C!- 1.81 3.617 333.7 
Br- 1.95 3.365 323.9 
I- 2.20 3.059 314.6 
‘From crystal structures Weast 11011 
bFrom Lias et al. I1 11. 
lar, crown ethers afford a series of hosts with known 
cavity sizes that are suitable substrates for size-selec- 
tive binding to a variety of guests. Some of the most 
simple model guests are those which have spherical 
shapes with well-defined diameters, such as alkali 
metal cations and halide anions. Numerous studies of 
solutions have evaluated the kinetics, selectivities, and 
binding energies of complexation of macrocycles with 
these guests [13-231. Host-guest chemistry in solution 
is largely influenced by solvation effects because the 
specific host and guest are solvated to different extents 
depending on the nature of the solvent, and this com- 
petitive solvation ultimately affects the types and 
strengths of operative binding interactions. By con- 
trast, host-guest complexation studies undertaken in 
the gas phase are not influenced by solvation effects, 
and such studies have recently proved to be experi- 
mentally plausible and of great intrinsic interest 
[24-281. 
There have been several reports of host-guest 
chemistry of polyethers involving negative guest ions, 
including halide complexation in solution 116-231. One 
of the first reports of complexation of negative ions 
was the observation of encapsulation of chloride ions 
by diazabicyclic ammonium ions (captapinands) in 
1968 (161. In later studies, it was shown that proto- 
nated nitrogen-containing cryptands enclosed halide 
ions by four +N - H ... X- hydrogen bonding interac- 
tions, and size-selectivity of the various macrocylic 
hosts was observed [17,18]. For example, depending 
on the arrangement of the bridges, certain cryptands 
demonstrated great selectivity for chloride complexa- 
tion over bromide complexation, and this was at- 
tributed to topological effects [191. More recently, Dye 
and co-workers 122,231 formed unusual alkalide salts, 
A+-M. A-, where A+ and A- are an alkali metal 
cation and anion, respectively, and M is a macrocycle, 
and demonstrated that crown ethers could also act as 
electrides (electron solvators). The structures of such 
salts consist of an alkali metal cation complexed inside 
the macrocycle with an alkali metal anion attached 
outside. 
In the current work, the complexation of halide 
anions with a variety of crown ethers and their acyclic 
counterparts is examined in the gas-phase environ- 
ment of a mass spectrometer. In an earlier study 1291, 
negative molecular ions (albeit of low abundance) of 
polyethers were formed by electron attachment nega- 
tive ionization, and the collision-activated dissociation 
(CAD) spectra showed that such ions produced many 
structurally diagnostic fragment ions, more so than the 
CAD spectra of protonated polyethers. As a compari- 
son and follow-up to the previous study, the present 
work describes the production of polyether-halide 
complexes, [M + Xl-, by ion-molecule reactions be- 
tween selected ethers [Ml and halide ions [X-l gener- 
ated from ionization of volatile halogenated solvents. 
The structures and orders of binding affinities of the 
resulting complexes are characterized by use of vari- 
ous CAD techniques, including the kinetic method 
[30]. The primary objectives were to determine whether 
complexes could be formed between the halide ions 
and the polyethers, whether there was evidence for 
any size effects in the binding affinities of the various 
crown ethers for different halides, and whether com- 
plexation with negative ions significantly altered the 
dissociation reactions of the polyether ions. It was also 
of interest to evaluate whether the cyclic polyethers 
demonstrated different affinities relative to their more 
flexible acyclic or substituted analogs. 
Experimental 
All measurements were performed with a Finnigan 
triple-stage quadrupole mass spectrometer (TSQ-70; 
Finnigan-MAT, San Jose, CA) equipped with a chemi- 
cal ionization source. The negative ion chemical ioniza- 
tion mode was used. The samples were introduced by 
a direct insertion probe, and typical sample pressure 
was l-3 X lo-’ torr. A halogenated solvent or gas 
was introduced via a leak valve to a pressure of 4 torr 
in the source and used to generate halide anions [X-J 
by dissociative electron attachment. The halogenated 
reagents included CF,, CH,CI,, CHCl,, CH,Br,, and 
CHI,. Methane was admitted into the source to 2 torr 
to assist in the production of thermal electrons for 
negative ion chemical ionization of the halogenated 
reagents. Negative ions were formed by using a 70-eV 
electron beam at 200 @A. The source temperature was 
50 “C. Under these conditions, the typical relative 
abundances of product ions formed were [2M, + X]- : 
[M, + Xl-= l:lOO-lO:lOO, where M, represents any 
ether introduced into the source. Often, mixtures of 
two ethers were introduced to facilitate examination of 
complexes containing two different polyethers bound 
to a single halide ion (as described later for the kinetic 
method). The relatively high pressure of the chemical 
ionization source ensures that the complexes experi- 
ence hundreds of collisions, and thus for the average 
ion, thermal equilibrium conditions are approached. 
Additionally, the complexes are most likely formed by 
gas-phase processes, but the possibility of formation of 
halide complexes on the probe with subsequent de- 
sorption cannot be eliminated. 
In some of the spectra obtained, the isotopic ratios 
of the various halide complexes did not conform to 
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expected values (based on calculations of known natu- 
ral isotopic abundances of the atoms). This anomaly 
was more noticeable in spectra of lower signal-to-noise 
ratio and under conditions in which lower resolution 
was used to enhance sensitivity. There appear to be 
two factors that contribute to the problem. First, under 
conditions of lower resolution, ion peaks separated by 
1 Da are not adequately resolved, and thus quantita- 
tive isotopic abundances may be skewed (although 
qualitative comparisons of [M + Xl- complexes ver- 
sus dimer ions remain essentially correct). Second, and 
most important, the bar graph spectra generated from 
the data system did not adequately represent the spec- 
tral listing of individual ions. Thus, the fact that iso- 
topic ratios were misrepresented on the bar graph 
printouts was predominantly an artifact of the print- 
out. For example, the bar graph spectra showed about 
half as many ion peaks as tabulated in the spectral 
listing. This problem was corrected by reconstructing 
mass spectra directly from the lists of ion peaks and 
abundances, as opposed to using the bar graph print- 
out spectra. 
For the CAD spectra, the desired precursor ion was 
selected with the first quadrupole and passed into the 
collision quadrupole at an average collision energy of 
10 eV in the laboratory frame. The collision gas pres- 
sure was typically 1.5 mtorr of argon. Experiments 
were done to estimate threshold dissociation energies 
by using less than 0.6 mtorr of argon and varying the 
collision energy from 0 to 5 eV [31]. No corrections for 
initial ion kinetic energies or kinetic energy calibra- 
tions were performed, so the threshold experiments 
provide only a qualitative estimate of energies. The 
the electron affinities of crown ethers are estimated as 
virtually negligible compared with any of the halogens 
(3.0-3.3 eV). Thus, the negative charge of the 
halide-polyether complexes is expected to be largely 
localized at the halogen atom. For a valid measure- 
ment of affinities, the adducts should dissociate by 
cleavage of only the weakest binding interactions (such 
as the hydrogen bonds that bind the halide ion to the 
ethers); the types of binding interactions must be simi- 
lar for the different compounds involved; and the 
structures of the compounds studied must be similar. 
In the context of this study, these conditions are rea- 
sonably presumed to be satisfied. Equilibrium mea- 
surements of halide affinities of the polyethers were 
not feasible owing to the low volatility of some of the 
ethers, making accurate pressure measurements im- 
possible. 
The kinetic method was originally derived as a 
means of measuring proton affinities of related com- 
pounds [30,33-361. On the basis of our previous use of 
the kinetic method for determination of alkali metal 
ion affinities of, crown ethers [26,27], we have shown 
that the method may be used to estimate other types of 
ligand affinities of polyethers. Additionally, the experi- 
ments discussed herein demonstrate no dependence on 
the concentration of the polyethers in the ionization 
source, which suggests that the dissociation of the 
complexes truly reflects the intrinsic binding interac- 
tions and not simply the nature of the ion formation 
processes; however, it should be emphasized that for 
this study, only a qualitative order of affinities is 
established. 
experiments are qualitatively reproducible from day to 
day, although relative ion abundances of different 
fragment ions varied by as much as 25%. Absolute 
Results and Discussion 
conversion of the selected adduct ion to the representa- 
tive fragment ions was lo-25%. Typically, lo-100 
spectra were averaged. All compounds except 21- 
crown-7 and perfluoro-15-crown-5 were obtained from 
Aldrich Chemical Co. (Milwaukee, WI) and used with 
out further purification. The 21-crown-7 was obtained 
from Parish Chemical Co. (Orem, UT). The perfluoro- 
15-crown-5 was obtained from Professor Richard 
Lagow [321. Purities were greater than 97%. 
The kinetic method 1301 was used to determine the 
relative halide affinities of the various ethers. This 
method involves forming an ion-bound adduct of two 
compounds, M, and M,, bound by a halide anion and 
designated as [M, + X + M2]-. The adduct is then 
energized above its dissociation threshold by low-en- 
ergy collisional activation, and the abundances of the 
resulting fragment ions, such as FM, + X]- and [M, + 
Xl-, are measured. Based on the ratio of these abun- 
dances, the relative affinities for the X- ion by each 
ether can be estimated. This sequence is repeated for 
many combinations of ethers to ultimately derive a 
complete scale of affinities. From reported electron 
affinities for oxygen-containing organic compounds [3], 
Formation of Halide-Ether Complexes 
The ethers of interest in this study included four cyclic 
ethers (12-crown& 19crown-5, l&crown+ and 21- 
crown-7); four acyclic ethers (triethylene glycol 
dimethyl ether, tetraethylene glycol, pentaethylene 
glycol, and tetraethylene glycol dimethyl ether); one 
cyclic thioether (1,4,7,10,13-pentathiacyclopenta- 
decane); and one perfluorinated ether (perfluoro-15- 
crown-5). An example of a negative ionization mass 
spectrum obtained for a mixture of two polyethers 
with chloroform as the reagent is shown in Figure 1. 
As illustrated, the chloride attachment ions [M + Cl]- 
are observed for both pentaethylene glycol and 
1,4,7,10,13-pentathiacyclopentadecane, and various 
dimer ions are present. Exact quantitative comparisons 
of halide compiexation on the-basis of the abundances 
of the [M + Cl]- ions were not possible owing to the 
inability to precisely control the gas-phase concentra- 
tions of each ether and halogenated substrate; how- 
ever, the relative orders of halide affinities were deter- 
mined by application of the kinetic method to the CAD 
data obtained for the [M, + X + M,]- complexes (as 
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Figure 1. Negative ionization mass spectrum of a mixture of 
pentaethylene glycol [5-GLYCOL) and 1,4,7,10,13_pentathia- 
cyclopentadecane (THIO-15-C-5) with chloroform as the reagent. 
The spectrum is reconstructed from a listing of ion intensities. 
The ion peaks labeled with an asterisk are attributed to ionization 
of the halogen&d solvent and background impurities in the 
source. 
discussed later). With the exception of the perfluori- 
nated ether, reactions of each halide ion with each 
polyether in the chemical ionization source resulted in 
the formation of halide-ether complexes [M + Xl- 
and dimers [M + X + Ml-. In contrast, the perfluori- 
nated 15-crown-5 formed abundant complexes only 
with fluoride ions but not with any of the other halide 
ions. Instead of bromide, iodide, or chloride attach- 
ment complexes, abundant molecular radical anions of 
perfluoro-15-crown-5 are observed as products of the 
reactions between the bromide, iodide, or chloride ions 
and the perfluorinated substrate. Substitution of fluo- 
rine atoms in a crown ether results in a molecule that 
is more basic [37] and has a higher electron affinity 
than a hydrogenated crown ether [ll], and thus the 
molecule is far more likely to undergo electron attach- 
ment than halide attachment. This preference for elec- 
tron attachment of perfluoro-15-crown-5 is especially 
pronounced for complex formation involving the larger 
halide anions, which have lower electron affinities than 
the smaller charge-dense fluoride ion. 
The formation of [M - HI- ions as a result of 
deprotonation of the ethers by the halide ions did not 
occur. Although the gas-phase acidities of crown ethers 
and related polyethers have not been measured, the 
gas-phase acidities of simple ethers have been reported 
[ll]. For example, the gas-phase acidity of dimethyl 
ether is 407.4 kcal/mol and that of dimethyl sulfide is 
393.5 kcal/mol [ll]. The fluoride ion is the most basic 
of all the halides, and the proton affinity of F- is 371.8 
kcal/mol [II]. Thus, the observation of proton-transfer 
reactions between F- and any of the ethers may be 
used to determine a lower bound on the gas-phase 
acidities of the ethers. Because [M - HI- ether ions 
are not observed from the reactions of the fluoride ion 
with any of the crown ethers, the gas-phase acidities of 
the crown ethers apparently are greater than 372 
kcal/mol. Thus, the abstraction of a proton from a 
crown ether by a halide ion is an endothermic process 
but can be promoted by collisional activation, as shown 
later. 
Collision-Activated Dissociation ofthe Halide-Ether 
Complexes 
After formation of the halide complexes, each complex 
of interest was mass analyzed and passed into the 
second quadrupole of the triple-quadrupole mass spec- 
trometer for CAD. Based on the fragment ions formed, 
some general structural characteristics are suggested. 
For each of the bromide, iodide, and chloride com- 
plexes, CAD resulted in the formation of only the bare 
halide ion. In no case was cleavage of the macrocyclic 
structure or formation of halide-attachment fragments 
observed, indicating that the halide-ether bonds are 
the weakest interactions in the complex. Typically, a 
relative kinetic energy of less than 1 eV (based on 
variable collision energy threshold dissociation experi- 
ments [30]) is needed to break the complex into its 
halide ion and ether constituents, and this value sets 
an upper limit on the strength of the binding interac- 
tions. This binding energy estimate is in qualitative 
agreement with halide binding energies determined 
for other organic substrates [3,7,8]. 
In contrast, the [M + F]- complexes demonstrate 
strikingly different CAD behavior, as shown in Figures 
2 and 3. Each of the simple crown ether-fluoride 
complexes dissociates by pathways that parallel ones 
observed from CAD of [M - HI- ions [291. For exam- 
ple, as shown in Figure 2, the [M + F]- complex of 
15-crown-5 dissociates by loss of HF to yield the [M - 
(M + F)- 
a 100 
239 
1 I 
200 
b 
J-7 
m/7. 
105 
a5 
_I; 61 a7 
loo 
(M - HI- 
I91 a19 
7’ 
ti 
131 
149 
200 
Figure 2. CAD spectrum of (A) the [M + F]- complex and (8) 
the [M ~ H]- ion of 15-crown-5. 
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b ID3- 7.39 
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Figure 3. CAD specfxum of the IM + Fl- (A) complex and (B) 
the [M - HI- ion of 1,4,7,10,13-pentathiacyclopentadecane. 
HIP ion at m/z 219 and by losses of HF in conjunction 
with n&H,0 units, producing ions at m/z 131 and 87 
(n = 2 and 3, respectively). The series of fragment ions 
observed at m/z 191, 147, 103, and 59 is attributed to 
the elimination of [HF + CO + nC,H,O] in which n 
= 0, 1, 2, and 3, respectively. The other series of 
fragment ions observed at m/z 193, 149,105, and 61 is 
suggested as due to the net loss of [HF + CrH, + 
I~C,H,O] in which n = 0, 1,2, and 3, respectively (see 
Figure 2a). The CAD spectrum of the [M - HI- ion for 
15-crown-5 is shown in Figure 2b for comparison. 
None of the fragment ions shown in Figure 2a indicate 
retention of the fluoride ion by the dissociating ether. 
The [M + F]- complexes of the other crown ethers 
also dissociate by loss of HF in conjunction with path- 
ways analogous to their [M - HI- ion counterparts 
[29], attributed to the types of neutral losses described 
above (i.e., -HF, -[HF + nC,H,O], ]HF -t- CO + 
nC,H,O], etc.). For example, fragment ions common 
to most of the CAD spectra of the IM + FJ- crown 
ether complexes include ions at m/z 59, 61, 87, 103, 
105, 131, 149, and 193. 
The [M + F]- complex of 1,4,7,10,13-pentathia- 
cyclopentadecane dissociates by losses of [HF + 
n(C,H,S)], where n = 0, 1,2, or 3, giving the series of 
ions at m/z 299, 239, 179, and 119, respectively (see 
Figure 3a). This series duplicates the series of fragment 
ions generated from CAD of the [M - HI- ion of 
1,4,7,10,13-pentathiacyclopentadecane (Figure 3b). 
These CAD patterns suggest that the [M + F]- com- 
plexes undergo intramolecular proton abstraction by 
the attached fluoride ion, resulting in an internally hot 
[M - HI- ion that then subsequently dissociates by 
cleavages of the polyether skeleton, such as by losses 
of ethylene sulfide units. A proposed mechanism to 
account for this type of behavior is shown in Scheme 1 
for the [M + F]- complex of 1,4,7,10,13_pentathia- 
cyclopentadecane. 
The ion observed in the CAD spectrum of the [M + 
F]- complex of 1,4,7,10,13-pentathiacyclopentadecane 
at m/z 79 may be attributed to C,H,SF-. Although 
the identity has not been confirmed, this type of frag- 
ment ion would suggest that the thioether binds more 
strongly to the fluoride ion than do the oxy-crown 
ethers (which never showed retention of the fluoride 
ion on fragmentation). Finally, the [M + F]- complex 
of perfluoro-15-crown-5 dissociates directly by losses 
of n(C,F,O) units, where n = 1,2,3, _ _ , and this is 
similar to the way that the molecular radical anion, 
M-; of perfluoro-15-crown-5 dissociates [29]. The at- 
tached fluoride ion always remains associated with the 
dissociating perfluoro-macrocycle, suggesting that the 
fluoride ion is tightly bound. 
From these CAD results, it is evident that the fluo- 
ride ion is sufficiently basic compared with the other 
halide ions (see Table 1 for the gas-phase acidities of 
HX) to promote very different types of complexation 
and dissociation chemistry than observed for the other 
halide ions. Theoretical studies [8] have demonstrated 
that the charge-dense fluoride ion binds with more 
covalent character than any of the other halide ions, so 
it is not unexpected that such differences would also 
be reflected in gas-phase polyether complexes as well. 
Orders of Relative Halide Binding Aflnities 
To compare the relative halide binding energies of the 
crown ethers, the kinetic method [30] was applied to 
estimate the orders of halide affinities. An example of 
the method is shown in Figure 4 for the dissociation of 
a bromide-bound ether complex, and the relative or- 
ders for chloride and bromide affinities are shown in 
Scheme 1. Mechmisrn proposed for dissociationof the [M + F]- 
complex of 1,4.7,10,13-pentathiacyc~opentadecane. CAD, colli- 
sion-activated dissociation. 
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(15-C-5 + Flrp 
299 
(3.FLYME+ 1 
257 
ml2 IM) 200 3w ml 
Figure 4. CAD spectrum of the bromide-bound complex of 
15.crown-5 (75-C-5) and biethylene glycol dimethyl ether (3- 
GLYME). 
Table 2. In general, the orders for chloride and bra- 
mide affinities are identica1, with some variation in the 
relative differences. The iodide affinities are not shown 
because of the Iack of sufficient replicate data. For the 
chloride and bromide affinities, the larger (more polar- 
izablel crown ethers demonstrate higher halide affini- 
ties. The orders apparently reflect the availability of 
optimally positioned hydrogens for muItiple bonding 
interactions and the polarizability of the ether. Com- 
pared with all of the polyethers, the pentathiacy- 
clopentadecane showed the highest affinity for the 
halide ions, presumably because the sulfur atoms are 
more polarizable than the oxygen atoms and are thus 
better able to stabilize the negative polarization (due to 
halide attachment) of adjacent atoms. The glycols also 
formed abundant complexes, probably due to the en- 
hanced acidities of the terminal hydroxyl groups, which 
afforded especially favorable hydrogen-donor binding 
sites. 
Because of the involvement of covalent bonding on 
fluoride complex formation, the validity of the kinetic 
method is compromised for the fluoride complexes. 
Table 2. Relative halide binding affinities of ethers,” based on 
the kinetic methodb 
Polyether Cl - 0r- 
12-C-4 1 1 
Triglyme 
15-c-5 
Tetraglyme 
18-C-0 
21-C-7 
Tetraglycol 
Pentaglycol 
Thio-15-C-5 
21+15%) 
5(&15%) 
50 ( f 20%) 
100 (+25%) 
2 x 103 (f25%) 
8 x IO4 t&25%) 
a x 105 (*25%) 
8 x 10s (*25%) 
2(_+10%) 
6 (_+20%1 
50 ( !c 25%) 
100(+25%) 
1 X 104(*25%) 
4 x IO4 (rt25%1 
5 X lo5 (f25%) 
5 x 106(*25%) 
‘Listed after each compound. M. are the probabilities of dissocia- 
tion of the halide-bound complex tea form [M-I- Xl- relatwe to disscr 
ciation to form [12-C-4+ Xl; based on a series of overlapping peak 
height measurements to form a continuous ladder relative to the 
reference 1 Z-crown-4 experimental VIIUES. Uncertainties shown in 
parentheses ere based on replicate or triplicate measurements. 
rounded to nearest 5%; WI, crown. 
bSee text. 
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The fluoride ion attaches with more covalent character 
and in fact can bind strongly enough to induce proton 
abstraction and ring opening of the macrocycle (as 
shown in the CAD spectra discussed earlier). Thus, the 
assessment of fluoride binding affinities is at best spec- 
ulative owing to the covalent nature of the interac- 
tions. 
Conclusions 
In contrast to simple acyclic monoethers, crown ethers 
form stable but loosely bound ( < f-eV binding energy) 
complexes with chloride, bromide, and iodide ions. 
They also form fluoride complexes that possess more 
covalent binding character. The formation of these 
halide complexes suggests that the conformation of the 
large, polarizable cyclic ethers or their polyether acyclic 
analogs permits effective hydrogen bonding between 
the halide and polyether that is not as favorable for the 
smaller ethers. The substitution of the oxygen atoms of 
the crowns by sulfur atoms greatly enhances the for- 
mation of the halide complexes, which demonstrates 
the influence of the electronic properties of the adja- 
cent atoms on the binding affinities of the ethers. 
Finally, only the fluoride ion is sufficiently basic to 
bind with pronounced covalent character and thus 
induce intramolecular proton abstraction on collisional 
activation of the halide complex. The other halide ions 
are at least 38 kcal/mol less basic than the fluoride ion 
[ll], and thus intramolecular proton abstraction by 
these halide ions is not promoted by collisional activa- 
tion. Thii initial study suggests that the use of fluoride 
ions as chemical ionization agents (as an alternative to 
electron attachment negative ionization, which does 
not result in formation of very abundant negative 
molecular ions) may allow formation of stable 
polyether negative ion complexes that dissociate to 
form structurally diagnostic fragment ions. 
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